This study examines some physical and mechanical characteristics of polypropylene (PP) and calcium trioxocarbonate IV (CaCO 3 ) composites prepared by melt blending. The mechanical (tensile strength and impact energy resistance) and physical (density and water absorption capacity) properties of the composites were evaluated using 0% -40% of the filler. The results showed that 20%-CaCO 3 addition improved the ultimate tensile stress by 58%, and the UTS is 84% better when 25%-CaCO 3 addition is made while the impact resistance decline by 8 and 12% respectively at these two compositions. In addition, the density only differ from that of pure PP at 25% CaCO 3 addition by 18% increment, however, water absorption increased by 400% at 10%-CaCO 3 addition.
Introduction
Polypropylene (PP) is an amorphous thermoplastic polymer which has wide engineering application because it possesses useful properties such as transparency, dimensional stability, flame resistance, high heat distortion temperature, and high impact strength [1] . PP filled with particulate fillers has continued to attract research attention due to its versatility of application and low cost [2] [3] [4] [5] [6] .
Incorporation of fillers in thermoplastics has been a common practice in the plastics industry for the dual purposes of reducing production costs of moulded products as well as improving the mechanical properties of the thermoplastics such as strength, rigidity, durability and hardness [7] . The fillers that have been widely studied includes CaCO 3 [8] [9] [10] , talc [11] [12] [13] , rice husk ash [14] , kaolin and mica [15] [16] [17] [18] , and organic fillers [19, 20] . Talc, mica and kaolin are used to enhance the stiffness and strength of filled plastics; whereas CaCO 3 filled grades are reported to have higher impact strength. The properties of particulate-filled polymers are determined by several factors such as the component properties (matrix and filler), composition, and structure. In addition to the component properties, the mechanical characteristics of these materials are significantly influenced by the interfacial interactions, which depend on the size of the interface and the strength of the interaction [10] . This explains the incorporation of additives such as coupling agents and compatibilizer to further enhance properties [21] [22] [23] [24] .
CaCO 3 is one of the most commonly used inorganic fillers in thermoplastics such as polyvinyl chloride (PVC) and PP [25] . The particle size of commercial grade CaCO 3 is in the range of micrometer. Minimal strength enhancement observed in micro-sized CaCO 3 filled composites was largely attributed to lack of surface interaction between the filler and the matrix. Attempt have been to improve the surface interactions of CaCO 3 /PP composite through use of nano-size particles [23, 26] . However, homogeneous dispersion of nanoparticles in the thermoplastic matrix is a difficult process [26] . There is also the tendency for the production of craze associated with nanoparticles. These together with the extra cost of producing nanoparticles have made industrial utilization of nanoparticles relatively unattractive.
Consequently, there is the need to explore means of significantly improving on the mechanical properties of polymer composites with little or no increase in production cost in order to have wide application prospect. This study is therefore aimed at reinforcing PP with comercial grade CaCO 3 using relatively cheap technology (melt blending) with the view to determining the optimum filler load for the enhancement of both mechanical and physical properties of CaCO 3 /PP composite.
Experimental Methodology

Materials
The calcium carbonate was obtained from Kesco chemicals located at Bariga area of Lagos, while the polypropylene was obtained from Gee Plast industry, Lagos, Nigeria. The instrument used includes sieve machine, furnace, digital weighing balance, Hounsfield Tensometer tensile machine, and scanning electron microscopy.
Method
Two (2) kg of calcium carbonate sample was measured on a weighing device and sieved into 100BSS using a sieve machine with an electrical vibrator operating at 3 hertz and vibrating for 30 mins. The measured polypropylene (PP) sample was charged into a preheated crucible pot using a camp gas as the furnace to remove all moisture and later melt at a temperature around 176˚C. The calcium carbonate was then added to the melt. The mixture was then poured into a metal mould and allowed to solidify (see Figure 1) . The filler loading of CaCO 3 ranges from 0 wt -40 wt percent while PP make up for the rest to add up to 100 wt percent of the mix samples. The pouring was done from one side of the mould at a fast rate and the container was held close to the mould during pouring. The cast composite samples on cooling have dimension 137 × 137 × 10 mm 3 . The densities of the cast samples were obtained after fettling by weighing each sample on the digital weighing scale to obtain the mass (m). The volume of water used was measured as V 1 then the sample was placed into the water and the new volume was measured as V 2 , hence the final volume (v) of water used was determined and densities (ρ) were calculated using Equation (1) 
Water absorption samples were cut into sizes (see Figure 2) suitable for cylinder used for the water absorption process, weighed dried, W 1 at first instance. Subsequently, samples were then weighed after every 24 hrs for a total of 168 hrs to obtain the new sample weights W 2 . The percentage weight gained was calculated and recorded for each sample using the Equation (2). The tensile test specimens were machined (see Figure  3 ) and test carry out using Hounsfield Tensometer tensile test machine. The test specimen was secured firmly between the gaps of the tensometer which was loaded me chanically until it was stressed to fracture. The test was carried out at a strain rate of 4.7 × 10
. Impact resistance test was performed in accordance to ASTM D4812 standard. The sample was also machined to the required specimen size; length of 100 mm and height of 8 mm, 6 mm thick and a V-notch at the centre of the specimen with depth of 2 mm.
Scanning electron microscopy of the samples was carried out. The samples were cut into small bits required by the SEM machine; 1 cm by 1 cm. Variable current (VP) was used because the samples are not electrically conducting. The variable current makes the image clearer and works between pressures of 10 Pa -200 Pa. High vacuum could have been used, but it is restricted to only electrically conducting materials and works at pressures much higher than the VP. The pressure target was set to 50 Pa.
Results and Discussion
Physical Properties
The density of the polymer composite decline from about 0.00675 g/cm 3 for pure polypropylene to 0.004 g/cm 3 for composite containing 10% CaCO 3 addition (see Figure  4) . Between 10% and 25% CaCO 3 addition there was an increase in composite density to 0.008 g/cm 3 before its density again declined to 0.004 g/cm 3 at addition of 40% CaCO 3 . The density of PP −25% CaCO 3 composite does not significantly differ from that of pure polypropylene with about 18 percent increase. At higher density water of hydration could be present at the surfaces of inorganic fillers giving fillers with high tendency to agglomerate. The agglomeration of particles could cause air pockets to be trapped between the particles leading to increase in density of composite. At lower density there is the tendency of enhanced filler-matrix compatibility as the polymer matrix displaced the trapped air pockets and this resulted in deagglomeration of the particles with improved filler dispersion [21] .
In Figure 5 , the water absorption tendency of PPCaCO 3 composite is shown. Generally, as soak time increases, the material become more susceptible to water absorption. Composite with 10 wt% CaCO 3 displayed highest water absorption capacity (0.1%) at 168 hours. Between 145 -168 hours soak-time, composite with 25% CaCO 3 addition showed the lowest water absorption capacity of 0.04 wt% after 180 hours. The hydrophobic behaviour of PP −25% CaCO 3 over convectional PP began above 100 hours soak time. Thus, PP −25% CaCO 3 composite is seen to have superior water absorption resistance over pure PP. The amount of water absorb varies differently with various plastics and the absorbed water may affect the plastics in different ways. The electrical property change most noticeable with water absorption. Plastics which absorb water tend to change dimension in the process and when water stability is required in products made of such plastics, grades with less tendency to absorb water are chosen. Mechanical properties may also be affected negatively with water absorption [1] .
Mechanical Properties
The ultimate tensile strengths (UTS) of the PP-CaCO 3 composites improves steadily as CaCO 3 is added and reached peak of 7.5 MPa at 25% CaCO 3 (see Figure 6 ) which is superior to the conventional polypropylene (4.75 MPa) by about 58%. However with further increase in CaCO 3 addition the UTS decreases in almost similar fashion as it increases from 0% -25% CaCO 3 . The initial increase in strength of the composite is due to good filler-matrix interactions, which also enable more stress to be transferred from the matrix to the fillers during external loading [27] .
The elongation responses of the PP-CaCO 3 composite increases from 5.75% for conventional pure polypropylene to 9.5% for polypropylene −25% CaCO 3 content (see Table 1 ). Further increment in CaCO 3 content does not improve its elongation as it declines in a similar manner to its increment. The reverse increment in elongation of the composite above 20% filler content can be attributed to the formation of filler aggregates which are made up of particles held together by strong forces and not as agglomerates while are made up of particles held together by weak forces. The aggregates debond easily from the matrix and tend to reduce the strength of the composite while increasing its elongation [28] . Matrix-filler debonding occurred and this permits unhindered plastic deformation around the filler particles thereby increasing the ductility of the composite. 20% CaCO 3 . Beyond 20% CaCO 3 , there is an improved interaction. At 25% CaCO 3 the modulus is 116 MPa representing a decrease of 27.5% relative to the conventional PP. Tensile modulus is known to be less sensitive variation of interfacial adhesion than the tensile strength which is strongly associated with interfacial failure behaviour [29] . Increase in tensile modulus of some composite samples is attributed to better distribution of Al dross filler in the matrix for both filler sizes. The higher surface area of filler gives better adhesion in composite, thus forming a stiffer material which is attributed to higher modulus [30] . discontinuity in composites thereby promoting crack initiation and propagation [25] .
Microstructural Analysis
Figure 9(a) shows an uneven distribution of particles for polypropylene samples and this is due to the mode of pouring during casting. Figure 9(b) shows the microstructure of 10% calcium carbonate (CaCO 3 ) addition with some degree of agglomeration of the particles. Figure 9(c) shows the microstructure of the 40% calcium carbonate (CaCO 3 ) addition at 200× magnification with a greater degree of agglomeration of particles than the 10% CaCO 3 addition. The impact energy resistance of PP composite decreases with increase in CaCO 3 addition from 68 J to 55 J for 0 to 5 percent CaCO 3 addition. It should be stated that the impact energy resistance of the composite at 25% CaCO 3 content (60 J) is not too serious a decline (12%) from that of conventional PP (68 J) when the higher density of the composite is taken into account as it will compensate for the likely effect of the fall in impact energy resistance (see Figure 8) . The decline in impact resistance of the composite material as filler content increases is due to the effect posed by big filler particles which may act as stress concentration points or points of
Conclusion
There is a general enhancement of desirable mechanical properties when the calcium carbonate is added to the polypropylene. The better strengthening effect of the calcium carbonate can be attributed to the formation of aggregates by the filler which can debond easily to promote ductility. However, the impact strength of the composite decline because of poor bonding between the matrix and filler particles. The percentage calcium carbonate addi- tion that gave an optimum physical and mechanical property was attained at 25% CaCO 3 addition.
